The increasing use of nanoparticles (NPs) in industries, soil and water remediation technologies, potential agricultural uses (e.g. fertilizers) and unintentional releases via air, water and sewage sludge application to the land likely leads to the release of such materials into the environment. The unique properties of NPs, such as high specific surface area, abundant reactive sites on the surface as a consequence of a large fraction of atoms located on the exterior rather than in the interior of NPs, as well as their mobility, could cause environmental hazards or potentially harm soil health.It could be assumed that NPs may not have a direct influence on plant growth but may be responsible for the influence through indirect mechanisms. Light microscopy of root sections showed that the ZnO particles adsorbed into root tissues and cells and damaged the root tissues. Results from ecotoxicological studies show that certain NPs have effects on organisms under environmental conditions, though mostly at elevated concentrations. Nanominerals and mineral NPs in the environment have been present throughout the evolutionary development of hominids, and our exposure to these through inhalation, ingestion are important foci of nanotoxicology and environmental sciences. The more research on occurrence, characteristics of NPs and their behaviour in environment is needed towards a logical conclusion of the effects of NPs on environment.
INTRODUCTION
Nanoscience and nanotechnology have become the ''buzz words'' among the soil scientific community at the start of the twenty-first century. Is this just nanohype, or are nanoscience and technology truly revolutionary? And, if so, what importance do they have to soil environment and related fields? Because of new advances in instrumentation and theory, scientists have come to realize that within the range of 1 to as much as 100 nm, often referred to as the nanoscale, materials may display physical properties and chemical behaviors that are unique and often cannot be described by chemistry and physics of bulk systems. Nanoscale size may lead to different crystalline order or structure, different stability and chemical reactivity, and unique thermal, electrical, optical, tensile strength, and/or magnetic properties than observed in either molecules or larger scale (bulk) materials. The ability to probe structure and behavior of nanoparticles is truly a revolution because it is a view into a previously unexplored world. The field of nanoscience is of crucial importance to the agricultural sciences especially soil science because many of the natural components of soils are nanoparticulate or contain nanoscale features. Today, nanoscale materials find use in a variety of different areas such as electronic, biomedical, pharmaceutical, cosmetic, energy, environmental, catalytic and material applications. Because of the potential of this technology there has been a worldwide increase in investment in nanotechnology research and development (Guzman et al., 2006) . Data on the current use and production of NP are sparse and often conflicting. One estimate for the production of engineered nanomaterials was 2000 tons in 2004, expected to increase to 58,000 tons in 2011 (Maynard et al., 2006) .
NANOPARTICLES AND NANOMINERALS
Within an Earth science context, Banfield and Zhang, (2001) suggested that nanoparticles might be defined based on the size at which fundamental properties differ from those of the corresponding bulk material. According to such a definition, the size range that constitutes a nanoparticle will vary for different materials, but current evidence suggests that this size range often is between roughly 1 nm and a few to several tens of nanometers for Earth materials . The size range of nanoparticles versus other particles of environmental interest is shown in Fig. 2 . Viruses and many inorganic colloids qualify are nanoparticles. Although bacteria are much too large to be considered nanoparticles, they may produce nanoscale biominerals. It is important to note that nanoparticles are often aggregated into colloidal or larger grains, which can greatly affect their properties with respect to, for example, transport, reactivity, and other geochemical Maurice and Hochella, 2008). characteristics. Hochella et al. (2008) defined nanominerals as minerals such as ferrihydrite that only exist in the nanoparticle size range, or clays that only exist with at least one dimension in that size range, whereas mineral nanoparticles are minerals that are in the nanosize range, but also exist at larger sizes. The fact that nanominerals and mineral nanoparticles may have properties, including stability and reactivity, that change as a function of size makes them fundamentally distinct from larger scale materials. Occurrence: Our knowledge on the occurrence of MNPs in the environment is very little due to lack of identification and quantification techniques of MNPs hinder. Currently, investigators applied simple algorithms to predict the amount of MNPs to the environment. Very high concentrations of Latex, ZnO, and TiO2 are expected in soil and water (Boxall et al., 2008; Fig. 3) . The expected MNP concentrations in soil are 40 times higher than those in water. The highest concentrations for MNP are Latex, ZnO, and TiO2, because of their wide applications. Gottschalk et al. (2009) also calculated environmental concentrations of MNPs in different environmental media based on a probabilistic material flow analysis. More accurate estimation is still unavailable because of the absence of proper quantitative methods. Classification of nanoparticles:According to different criteria (sources, bulk materials, and sizes), NPs could be classified. The first level of NP classification will be based on their sources. Depending on their sources, NPs could be divided into NNPs and anthropogenic NPs (ANPs). Natural NPs are classified as biogenic, geogenic (including burning of geogenic sources), and atmospheric NPs which present in the environment for a long period of time. Anthropogenic NPs contains two categories, namely accidental NPs and manufactured NPs. MNPs are the major constituent of ANPs. According to their matrix materials, MNPs could be divided into the following groups: carbon-based NPs (such as carbon nanotubes (CNTs) and fullerene), metal-based NPs (such as nanogold and nano-zero-valent iron), oxide-based NPs (such as nano silver oxide, nano titanium oxide, nano zinc oxide, and silicon oxide), and polymer-based NPs (such as polyethyleneglycol). During manufacturing and human daily activities, such as cooking, electricity generation, industrial boiling, diesel burning, and welding, NPs may be accidentally produced and discharged into the environment (Murr et al., 2004) and known as accidental NPs. Why nanoparticles behave differently?: One of the principal ways in which a nanoparticle differs from a larger or bulk material is that a high proportion of the atoms that are associated with a nanoparticle occur at the surface. It is also well established that the surface structure of a mineral can be different from the bulk structure in terms of the atomic coordination environments. The lack of full coordination at a surface leads to the phenomena known as surface relaxation and reconstruction. Surface relaxation is the movement of Maurice and Hochella, 2009). atoms at a surface in vacuum in response to dangling bonds. Relaxation may also occur on hydrated surfaces (Eng et al., 2000) as it occurs in air or aqueous solution. surface reconstruction is the process by which atoms at the surface of a crystal assume a different structure than that of the bulk in order to make up for lack of full bonding that would occur in the bulk solid. Surface reconstruction often results in a different unit cell at the surface than in the bulk solid. In addition to two factors, nanoparticles may have different surface composition, different types and densities of sites, and different reactivity's with respect to processes such as adsorption and redox reactions (Waychunas et al., 2005) . For NPs size quantization of the electron structure, coupled with changes to surface structure and surface defect site density, may lead to different rates of electron transfer in redox reactions (Madden and Hochella, 2005) . According to classical theory of mineral nucleation (Neilson, 1964) , the free energy of formation of a single crystal ("Gn): ∆Gn = ∆Gbulk + ∆Ginterf is the sum of the change in bulk free energy ("Gbulk) coupled with the change in free energy that occurs upon formation of a new interface (∆Ginterf). For crystals larger than about 2 mm, ∆Ginterf << ∆Gbulk and can be ignored (Berner, 1980) . However, for smaller crystals, (∆Ginterf must be taken into consideration, and this has very important implications for crystal nucleation kinetics. In order for a particle to nucleate, it must overcome a significant energy barrier associated with the formation of surface area; this is considerably easier to accomplish when the system is highly supersaturated (highly favorable ∆Gbulk) and helps to explain why minerals may nucleate homogeneously from solution at high supersaturation. But at low supersaturation, particles nucleate only heterogeneously on a previously existing surface. For each saturation state, there is a critical nucleus size that a nucleating crystal must attain before it is stable and can continue to grow. Nanoparticles pathways from anthroposphere into environment: Release of NP may come from point sources such as production facilities, landfills or wastewater treatment plants or from nonpoint sources such as wear from materials containing NPs (Fig. 6 ). Accidental release during production or transport is also possible. In addition to the unintentional release there are also NP released intentionally into the environment. Whether the particles are released directly into water/soil or the atmosphere, they all end up in soil or water, either directly or indirectly for instance, via sewage treatment plants, waste handling or aerial deposition. In the soil environment the formation of aggregates and therefore of larger particles that are trapped or eliminated Boxall et al., 2008) .
through sedimentation affects the concentrations of free NP (Fig. 7) . Humans can be either directly influenced by NPs through exposure to air, soil or water or indirectly by consuming plants or animals which have accumulated NPs. Aggregated or adsorbed. Whereas the possibility of biomagnification of NP in the food-chain has been mentioned (EPA, 2009) , no data are currently available. NPs will experience abiotic interactions because the conditions prevailing in the different atmospheric, aquatic and terrestrial environments, leading to physical and chemical alterations (Fig. 7) . These alterations will greatly determine the fate of the NPs in the environment and thus their bioavailability to organisms. Once in the proximity of organisms, interactions might occur at biological interfaces, resulting in the entrance of NPs into these organisms. Once inside the organisms, NPs may cause various toxic effects and might be transferred through food webs, thus affecting communities and ecosystems. Among other impacts, ENPs' effects on photosynthetic organisms may reduce the fixation of CO 2 ; ENPs adsorbed or deposited; on photosynthetically active surfaces might reduce light availability or gas exchange; and thus photosynthesis; ENPs present in the atmosphere might increase the nuclei available for raindrop formation; thus altering precipitation; ENPs' impacts on bacteria, fungi, and other edafic fauna; might affect soil respiration; and other soil-texture-related processes such as transport of liquids; or gases; also modifying symbiotic relationships. Together, this might lead to impairments in three key services provided by ecosystems, i.e., nutrient cycling; water depuration; and biomass production (Navarro et al., 2008) .
NANOPARTICLES IN SOIL ENVIRONMENT
Nanoparticles in soil participate in essential ecological services as, regulating water storage and element cycling, Sorbing and transporting chemical and biological contaminants, serving as a source or sink of organic carbon and plant nutrients etc. (Theng, 2008) . NPs formed in soil environment mainly through, inheritance (from preexisting parent rocks and other weathered materials), transformation (where the overall layer structure is retained but the interlayer region is markedly altered), neoformation (by precipitation or crystallization from solution or a gel precursor) and as we know bacterial cells are efficient accumulators of metal cations, which then combine with anions (CO 3 -2 , PO 4 -3 , silicate) from the surrounding medium to form a variety of nanosize minerals. Bacteria can also oxidize or reduce metals.
Simultaneous functioning of various mechanisms:
Adsorption mechanisms should also compare the adsorption systems at different pHs because pKa of organic chemicals and pHzpc of MNPs can affect the magnitude of adsorption. Different adsorption mechanisms may contribute at different pHs as presented in Fig. 9 . At pH > pHzpc or pH < pKa, the electrostatic repulsion decreases the adsorption as pH increases (when pH > pHzpc) or pH decreases (when pH < pKa). But at pKa < pH < pHzpc, electrostatic attraction is an important interaction mechanism. In addition, in this pH range, cation exchange, hydrophobic interaction, hydrogen bond and p-p interaction could all contribute to the overall adsorption. Hydrogen bond is considered as an attractive force between a hydrogen atom and an electronegative atom. At pHs higher than pKa of organic chemicals and pHzpc of MNPs, both organic chemicals and MNPs are deprotonated, and thus hydrogen bond is negligible. Therefore, lack of pH-dependent adsorption is an evidence of minimal contribution of hydrogen bond (Chen et al, 2007) . If the adsorption is controlled by hydrophobic interaction, CNT oxidation will decrease the adsorption. However, if the adsorption is controlled by hydrogen bond, CNT oxidation will increase the Lower et al., 1998). adsorption in the pH range where both organic chemicals and CNTs are not dehydrogenated. Therefore, it is essential to identify the contribution of different adsorption mechanisms at a given environmental condition. No good methods have been proposed and developed to study and separate the contribution of different mechanisms.
Role of organic matter in adsorption:
In a typical soilwater system, natural organic matter (NOM) presents as two main forms. (1) NOM presents as solid phase such as precipitated humic acid and organomineral complex (humin). The adsorption of organic chemicals on these NOMs could decrease the mobility and bioavailability of organic chemicals. (2) NOM exists as dissolved organic matter in aqueous phase. The interaction between organic chemicals and dissolved NOM could enhance the solubility of organic chemicals, decrease their adsorption on solid particles, and possibly increase their environmental risk (Chiou et al., 1986; Pan et al., 2007; Pan et al., 2008) . The interaction between aqueous NOM and organic chemicals has not been well investigated in current studies. As indicated in Fig. 10 , at low NOM concentrations, the adsorption of organic chemicals on MNPs may be increased because of the dispersion (for both CNTs and inorganic NPs) or NOM coating (for inorganic NPs). However, as NOM concentration further increases, the adsorption of NOM on MNPs reaches saturation. In this case, the significant interaction between aqueous NOM and organic chemicals could result in decreased adsorption. Current studies applied limited NOM concentrations in the experimental design, and often reported a decreased adsorption of organic chemicals on CNTs ( Ji et al., 2009; Wang et al., 2009) or increased adsorption on oxide NPs (Iorio et al., 2008) with the addition of NOM. Effect of organic chemical adsorption: NPs dispersion by organic chemicals could decrease their aggregate size or even to individual particles, which may increase the penetration of NPs through bio-nonbio interface. Thus, NP toxicity may be increased. Organisms may also react with NPs and increase NP dispersion or dissolution. For example, bacterial activity may promote the dissolution of ions from NPs and increase the bioavailability of toxic elements. In this case, the risk from the released ions instead of NPs themselves increased. But natural organic coatings (environment-derived macromolecules) may protect NPs from biological activities and thus extend the existence of NPs in the environment. Then, the risk of NPs could be increased. Biologically derived macromolecules could form organic coatings on NP aggregates. The organic coating may facilitate the dispersion of NPs and thus increase their mobility, which may consequently increase NP environmental exposure and risk. On the other hand, the coated organic molecules may screen off NP toxic effects. Organisms may also digest the organic molecules. The bioactivities may strip the organic coating. NPs could reaggregate and settle down, which eliminate their toxic effects. However, organisms may also react with NP surface and promote the release of some toxic ions. Nanoparticle stability: As particle size decreases, the ratio of surface-area-to volume increases. And as always for nanoparticles, surface sites may become dominant and may influence the particle structure, stability, properties, and reactivity. Because of the high specific surface areas of nanoparticles, surface free energy plays a very important role in nanoparticle stability. Navrotsky (2001) observed that the oxides of Ti, Al, and Zr have varying degrees of stability as their particle size changes, and that the particles do not always become more stable with increasing size in the nano-range. Nanoparticulate oxides can exist as different stable polymorphs at different size ranges. A nanoparticle may undergo a number of phase transformations during growth. Nanoparticle mobility in soils: Particles in the colloidal size range and smaller are not affected by gravitational settling; rather, Brownian motion becomes far more important. In the porous media associated with soils, some special factors also need to be considered. First, soils have both macropores and micropores. The micropores, which are the very small pores that occur within the soil structure, consist of a network of humic materials and Navarro et al., 2008). soil particles (e.g., Kretzschmar and Schafer, 2005) . Nanoparticles are small enough to fit into these micropore environments, and sequestration in the micropores can be expected to affect nanoparticle mobility. On the other hand, aggregates of nanoparticles may be too large to fit in the smaller pores, and may therefore be more likely to remain in the macropores. Due to high surface areas, nanoparticles have a strong potential to adsorb to soil and sediment particles. Nanoparticle sorption to nonmobile particles can be expected to inhibit mobility, whereas sorption to mobile colloids may enhance mobility. Additional factors that need to be considered include, for example, how both the shape of the nanoparticle and of the ''collector'' surfaces may affect adhesion of nanoparticles to surfaces. Espinasse et al. (2007) showed that deposition of colloidal aggregates of C60 fullerene on saturated porous media increased with increasing ionic strength, the 
Fig. 10. The role of dissolved organic matter (DOM) and surfactants in suspending MNPs and their adsorption for organic chemicals. Surface coated DOM/surfactant may decrease the zeta potential of MNPs (C) and thus facilitate the dispersion of MNP aggregates (B). (Source: Pan and Xing, 2010).
presence of polysaccharide-type organic matter, and lower Darcy velocities. On the other hand, low ionic strength and the presence of humic-like substances may decrease their retention on porous media. Chen et al. (2008) investigated unsaturated transport of TiO 2 nanoparticles in systems that were specifically designed to minimize adherence to the surfaces of the porous media. Their results suggested that TiO 2 nanoparticles may adsorb to the air-water interface, and that this interfacial phenomenon may affect their transport in the unsaturated zone.
EFFECTS ON NANOPARTICLES Uptake and toxicity:
A consistent body of evidence shows that nano-sized particles are taken up by a wide variety of mammalian cell types, are able to cross the cell membrane and become internalized. The uptake on NP is size-dependent (Chithrani et al., 2006) . Aggregation and Pan and Xing, 2010). or ROS contacting the cell membrane thus preventing cell damage. Following environmental release of nanoparticles, a number of processes may result in the formation of clumps as repulsive forces between the primary particles are reduced, these clumps of primary particles may fall out of suspension (3g); complexation by natural organic matter (3h) may also reduce the antibacterial effects of nanoparticles; inorganic surfaces such as mineral particles in soils may also prevent direct nanoparticle-bacterium contact by trapping nanoparticles at the surface (3i). Toxicity mechanisms have not yet been completely elucidated possible mechanisms for disruption of membranes or membrane potential, oxidation of proteins, genotoxicity, interruption of energy transduction, formation of reactive oxygen species, and release of toxic constituents (Fig. 14) . The bacterial cell membrane is a semipermeable barrier that serves important cellular functions, such as regulation of material, transport, energy transduction, and intercellular communication. Nanomaterials cause membrane damage through the generation of reactive oxygen species (ROS), which can oxidize double bonds on fatty acid tails of membrane phospholipids in a process known as lipid peroxidation. This increases membrane permeability and fluidity, making cells more susceptible to osmotic stress or hindering nutrient uptake (Cabiscol et al., 2000) . Peroxidized fatty acids can trigger reactions that generate other free radicals, leading to more cell membrane and DNA damage.
Interactions among organisms, NPs and contaminants:
The interaction of NPs with toxic, organic compounds can both amplify as well as alleviate the toxicity of the Rakesh Kumar et al. / J. Appl. & Nat. Sci. 4 (2): 310-324 (2012) size-dependent sedimentation onto the cells or diffusion towards the cell were the main parameters determining uptake (Limbach et al., 2005) . The uptake occurs via endocytosis or by phagocytosis in specialized cells. One hypothesis is that the coating of the NPs by protein in the growth medium results in conformational changes of the protein structure, which triggers the uptake into the cell by specialized structures, limiting uptake to NPs below about 120 nm (Lynch et al., 2006) . Within the cells NP are stored in certain locations (e.g. inside vesicles, mitochondria) and are able to exert a toxic response. The small particle size, a large surface area and the ability to generate reactive oxygen species play a major role in toxicity of NPs (Nel et al., 2006) . The mechanism for the antibacterial activities of nanoparticles is based upon contact mediated lipid peroxidation via production of reactive oxygen species (Neal, 2008) . Interfacial forces, especially electrostatic, will control contact between nanoparticles and the bacterial membrane. Attractive forces are generated between positively charged nanoparticles and negatively charged bacterial cells (1a). A repulsive force is generated between bacterial cells and negatively charged nanoparticles (1b). Processes which alter the surface charge of nanoparticles (1c) may indirectly alter the interaction between affected nanoparticles and bacterial cells. Once in contact with bacterial membranes, nanoparticles cause lethal cell damage by producing reactive oxygen species (ROS, 2d), eventually allowing ingress of nanoparticles into the periplasm/cytoplasm (2e). Exopolymers (2f)-secreted carbohydrates and proteins, may prevent nanoparticles compounds. In contrast to harmful effects, NPs can therefore also have an advantageous role in the environment. The possible interactions in systems with organisms, NP and pollutants are (a) Adsorption and uptake of pollutant, (b) adsorption and uptake of nanoparticle, (c) adsorption (or absorption) of pollutants onto NPs and reduction in pollutant uptake by organisms and (d) adsorption of NPs with adsorbed (or absorbed) pollutant and possible uptake of pollutant-NPs (Fig. 15) . The influence of pollutants on organisms is well studied (Fig. 15a ) and the interaction with NPs alone have been described in sections above (Fig. 15b) . In the ternary system organism pollutant NPs two possible ways of interaction are possible, Fig. 15c shows that the NP may adsorb or absorb the pollutant, therefore reducing its free concentration and hence reducing the toxicity of the pollutant. If the NPs with the adsorbed pollutants are taken up by the cells (Fig. 15d) , then a toxic effect could be the consequence, either caused by the NP, the pollutant or in a synergistic way by both together. However, it could also be that no effect is observed if the bound pollutant is not bioavailable and the NP itself is not toxic. The strong sorption of organic compounds to black carbon was shown to be a dominant factor for the low and variable biota to sediment accumulation factors and the limited potential for microbial degradation (Cornelissen et al., 2005) . As for the indirect effects of ENPs, they are caused mainly by the physical restraints or the release of toxic ions (metal ENPs) or the production of ROS. Moreover, ENPs themselves may serve as pollutant carriers, thus enhancing or reducing the bioavailability of other toxic substances (Fig. 16) . As a result of their remarkably high surface area to volume ratio and complexing capability, ENPs may adsorb pollutants, which might change the transport and bioavailability of both the ENPs and the pollutants in natural systems, and alter their toxic effects. Trace-metal ion speciation might be altered by NPs (especially oxide and oxide-coated NPs), therefore altering their bioavailability and potential toxicity (Gotovac et al., 2007; Hu et al., 2007; Wang et al., 2007) . Some compounds present in environmental matrices might increase the NPs' stability (OM) and thus bioavailability, whereas others (salt ions) might foster the aggregation Klaine et al., 2008). of NPs, thus reducing their bioavailability (represented as dotted arrows not entering organisms), or physically restraining NP-organism interactions. In other cases, NPs' bioavailability might be either increased or decreased (Navarro et al., 2008) . Fullerenes have only little impact on the soil microbial community and function, based on soil respiration, soil enzyme activity and changes in community structure (Tong et al., 2007) . Bacterial cell walls show a physiological adaptation to the presence of fullerenes and they show a response in lipid composition and membrane phase behavior (Fang et al., 2007) . Shah and Belozerova (2009) have reported a statistically insignificant influence of the nanoparticles in the soil on the number of colony forming units of culturable bacteria, peak areas of methyl ester of fatty acids in the FAME profile or on the total soil community metabolic fingerprint. Silver nanoparticles damaged and pitted the cell wall of Escherichia coli and accumulated in the cell wall, leading to increased cell permeability and ultimately cell death (Soni and Bondi, 2004) .
Interaction of NPs with plants:
To date research on interaction of NP with plants is almost non-existent. One study reports the effect of aluminum oxide NP on root Nowack and Bucheli, 2007) . plants, fungi, bacteria, and algae (Source: Navarro et al., 2008). elongation in hydroponic studies (Yang and Watts, 2005) . A slight reduction in root elongation was found in the presence of uncoated alumina NPs but not with NPs coated with phenanthrene. It was proposed that the surface characteristics of the alumina played an important role in phytotoxicity. The solubility of aluminum oxide is known to increase with decreasing particle size and modification of the surface by adsorbed compounds is known to affect the dissolution rate. Aluminum nanoparticles are commonly used in energetic formulations causing agglomeration leads to decreasing transport potential and bioavailability of nutrients in soil. Accumulation of Fe 3 O 4 nanoparticles in pumpkin plants grown in sand was approximately 33% of that for pumpkin plants grown hydroponically. They also suggested that accumulation of Fe 3 O 4 nanoparticles in plants is tissuespecific, with more accumulation in the leaves than in the stems. The majority of Fe 3 O 4 nanoparticles was associated with the roots either absorbed into the roots or adsorbed on the surface, which raises some concern for contamination of root vegetables (Zhu et al., 2008 ryegrass examined by Light microscopic (LM) of the longitudinally sectioned primary root tips (Fig. 17 ) (Lin and Xing, 2007) . In the control, root tips developed very well with the usual three tissue systems (epidermis, cortex, and vascular cylinder) and an intact rootcap at the apex observed (Fig. 17A) . However, shrank morphology of the root tips (Fig. 17B) , the epidermis and rootcap were broken, the cortical cells were highly vacuolated and collapsed, and the vascular cylinder also shrank. Dose response curves of nano-Zn and nano-ZnO suspensions on root growth of radish and rape are display in Fig. 18 (Lin and Xing, 2007) . No significant root growth inhibition was observed under low concentrations (less than 10 mg L -1 for rape and 20 mg L -1 for radish). Root growth was clearly restricted with increasing concentration, and was almost terminated at 200 mg L -1 . Nano-Zn and nano-ZnO showed similar phytotoxicity at each of concentrations. Fifty percent root growth inhibitory concentrations (IC 50 ) of both nano-Zn and nano-ZnO were estimated to be near 50 mg/L for radish, and near 20 mg L -1 for rape. Radicles, after penetrating the seed coats, could contact the NPs directly. Therefore, root elongation of sensitive plant species would have a dose-dependent response.
Fig. 16. Nanoparticles' (NPs) interactions with toxicants (Tox A and B), salt ions (SI), and organic matter (OM) such as humic acids or compounds released by

Environmental risk assessment of NPs:
Environmental exposure varies on the basis of conditions such as the way in which materials are handled in the workplace, how nanomaterials partition to various phases (e.g., water and air), the mobility of nanomaterials in each of these phases, their persistence, and the magnitude of the sources. A lot of research is currently devoted to these topics. This basic information about the behavior and toxicity is needed, but is not sufficient to allow for a realistic risk assessment of NPs in the environment. What is also needed is an evaluation of the expected quantities and concentrations of NPs in environmental systems. To date nothing is known about this issue, neither from an analytical point of view (e.g. actual measurements of NP sin the environment) nor with respect to theoretical or modeling studies. Only few products containing NPs are actually on the market, but this is expected to change rapidly in the next years as more and more nano-products are sold. It is therefore not only necessary to get an overview on current exposure, but also more important to anticipate future scenarios on the use of nano-products and exposure to released NP. As a starting point to risk assessment, exploring the sources and environmental pathways helps to identify relevant applications and situations where a subject deserving protection may face exposure to NP (Reijnders, 2006) .
Conclusion
There is currently a lot of attention being paid to the behavior and effects of engineered NP, but there is still only limited solid information. There is quite a vast amount of work being done with natural NP, e.g. soot and aquatic colloids, and the knowledge gained there will be of invaluable help in assessing the fate of engineered NP. Analytical methods developed for natural NP are now beginning to be applied to engineered NP. There is an almost complete lack of data on bioaccumulation, biotoxicity and biodegradation of NPs in soil environment and relevant species. There is also limited study of the weathering potential of both coatings and covalent surface modifications. Potential benefits of nanotechnology in the environment include use of NPs in bioremediation. For NPs, the public discussion predates the possibility of their analysis. Compared to conventional or other emerging contaminants,NP particles pose some new challenges for scientists. Many challenging questions remain unanswered, among them are (a) knowledge of soil NPs origin, occurrence, and its properties (b) methods to isolate NPs from soil (c) methods to measure NP concentrations in natural waters, sediments, soils, and organisms (d) NPs formation and their stability in the soil systems (e) processes of NP transformation, aggregation, and aging in terrestrial ecosystems (f) scientifically based conclusions on toxic effects of NPs on plants, microbes, and other soil living organisms. Thus, pluridisciplinary approaches are needed to address these stress.
